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The Three Components of Imaging

* Three major components
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Optical system Emission detection
* Microscope * Detector & sampling

* Endoscope
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Presentation Overview

» Microscopy basics
« Standard fluorescence microscopy

 State-of-the-art and Applications of
fluorescence microscopy



Microscopy Basics
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Microscope Principle

« Utilize an optical system to magnify objects

— Simplest system: 2 lenses

— Magnification: M = f2
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Microscope Principle

* Need a light source (illumination) to generate useful
signal (emission) from sample

— Some illumination is also detected - reduce SNR
— ldeally would like to detect only emission

Light source  Condenser Objective Tube >ensor
(lamp) Lens object Lens Lens (C;CD)
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Microscope Uncovered
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Microscopy Modes Utilized

In Biology & Medicine

Modes: ways to generate &
detect emission in sample

Fluorescence microsc

Viicrescopyu.com
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— Focus of this presentation

Brightfield, darkfield.-

microscopy .
— Standard mode

Phase microscopy

www.wsu.edu
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— Image very thin &
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Standard Fluorescence Microscopy
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Fluorescence Microscopy

« Standard fluorescent
microscope:
— Easy & popular instrument
— Relatively cheap (~25-50k)
— Extremely versatile
— Can be automated

A
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Fluorescence Microscopy

Light source  Condenser Objective Tube >ensor
(lamp, laser, Lens object Lens
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Fluorescence Microscopy

Sensor

Light Condenser Objective Tube
(CCD)

source object
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Excitation filter Emission filter

select wavelength Removes
of illumination illumination light
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Light
source
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Fluorescence Microscopy
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Fluorescence Microscopy

object

Objective

A

Dichroic Mirror

Reflects illumination
Transmits emission
Separates illumination
from emission
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Epiflouorescence Microscopy

* The objective lens acts also as condenser for
the illumination

- Epi-Fluorescence Microscope Anatomy
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Fluorescence Microscopy Principle

. A set of 3 optical filters is A
necessary for fluorescence | —r
MICIOSCOpPY Are La”"“ I \

— Excitation filter: selects \Driﬁf?!é’i(’
wavelength of illumination v

— Dichroic filter: separates Y
excitation from emission Samee

http://www.jic.ac.uk

— Emission filter: removes
remaining excitation light in

emission path R
» 3 filters placed in a "filter cube” s

— Need different filter set for each opc lc
fluorophore color

Microscopyu.com 16
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Filter Cubes

Housed In a filter turrent

— Pick a different cube for
each fluorophore color

- Epi-Fluorescence Microscope Anatomy
i FN, /f : Tube

7’ N ) i : S Lens Condenser
. X Tl Eyepiece \ Field Aperture
a S, ) Diaphragm Diaphragm
.-,;

Observation

HBO 100
Tubes

-

- %
Ve ”~
S e

& A

Fluorescence
Filter
Cube
Turret

-

i
4 Mercury Arc Lam,
Objective Lart;lyphouse 9

= Stage —J

—Frame

= .*{_\
"o

Figure 6
Stage Translation Control
Base — Focus
N Knob

Zeiss 17



Fluorescence Microscopy Use

* Most modern
biology/medical labs
possess at least one

— Abillity to visualize expression
& localization of any protein
of interest

* Multi-color imaging
— Need multiple *filter cubes”,
one for each color



State-of-the-Art In Fluorescence
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Live Cell Imaging

* Enclose microscope In a closet

— Control temperature, humidity, CO2 content - turn
closet into a cell incubator

— Image live cells as they proliferate/act

Olympus IX81 microscope
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Robotic Microscope

Robotic microscopes that

— Incubate cells in 96-well plates

— Image sample over time

— Able to image thousands of cell samples
— Expensive (>150k)
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High-Content Screening (HCS)

* Image multiple fluorophores in thousands of samples
using robotics microscopes

« Computational tools analyze huge imaging datasets

« Used in drug discovery

B Labels conjugated to lipids or
carbohydrates

m Hybridization probes for
DNA and/or RNA

m Staining of organelles

m Fusion proteins

m Multiple time points

m Multiple genetic
backgrounds

m Multiple growth
conditions

m Multiple drugs

m Cytoskeleton

m Cell shape and cell
polarity

m Organelle structure

m Organelle dynamics

m Body morphology

m Organ morphology
m Phenotypic diversity
m Developmental timing

m Viability m Migration
m Feeding m Proliferation
u Movement m Differentiation

m Social interactions m Viral infection

Assay development for HCS

(Fraunhoffer.de) http://jcs.biologists.org/content/124/22/3743



Need to Overcome the Major Limitation of
EpiFluorescence Microscopy

» Epifluorescence microscopy is a 2D imaging
method
— Suffers from out-of-focus light
— Provides sharp image only of thin specimen (<20 um)

Nuclei in focus
look sharp

Nuclei out-
of focus look <
blurry
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2D Imaging

In-focus objects imaged
sharply

Out-of-focus objects
|maged qurry
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3D Imaging

In-focus objects imaged sharply

Out-of-focus objects are NOT imaged

Image-slicing property

* |mage 1 thin (~1 um thick ) slice of the
sample at any exposure

Laser illuminatio
Scaffold

Imaging’plane
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3D Imaging

* A 3D image Is generated by imaging various
planes and combine them into a “image cube”

fibroblasts (green) inside a collagen
scaffold (red). Harley, 2006 26




Confocal Microscopy

» Optical Slicing is achieved in 2 ways
— Focus illumination in the sample

— Place pinhole before detector = reject
out-of-focus light

« Use 1 pixel detector
— PMT, photodiodes

Moran-Mirabal , 2013




Confocal Microscopy

* At each time, a Single photon IS ___-.;EI_IE--EIZ:--.:_:--.;_F--EIIE---
imaged

» Use scanning mirrors to control "~
(Xx,y) location of laser focus

— raster-scanning to image a plane

» Use piezoelectric actuatorsto  ~
shift objective P
- —=
Sample along Z-> image T o .
different planes ~




Confocal Microscopy

* Most popular 3D imaging method
» Cost ~30-50k

Epifluorescence Confocal Imaging

microscopysolutions.ca

4 day old zebrafish embryo labelled with SV2 and acetylated tubulin antibodies
showing axon tracts(green) and neuropil(red). (http://www.ucl.ac.uk/)s




In vivo Imaging

* Advanced 3D imaging methods (nonlinear
optics) utilize IR light and provide 3D imaging
— Enable 3D imaging in live transgenic animals
— Applications: wound healing, neuron plasticity
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In vivo Imaging

* Engineers and doctors collaborate to develop
optical devices that enable tissue imaging

— Imaging cancer biology in animal models
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Super-Resolution Microscopy

« Methods that provide optical
resolution less than &r = 0.61 —

NA
« Methods:
— STED, PALM/STORM

« PALM/STORM microscopy

— Use photo-activated
fluorophotes

— Light activate a small fraction of
fluorophores = image a sub-
population of emittors at each
exposure - repeat many times

confocal _
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Spectral Microscopy

* Resolve emission of
multiple fluorophores

based on their Microscope

emission spectrum mt [
g
m—- .

« Use multi-channel
detection systems —

Sensor
Channel M

Channel 2
Channel 1

— each exposure

Buelher et al. 2005

measures signal at 05
several EM bands

o
(&)

« Use computation
— Spectral unmixing

<
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spectral signature

e
—N

L]

2 4 6 8
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Spectral Microscopy

« Based on a single multi-channel image, quantify
multiple emittors

— Accelerate imaging
— High content

B second harmonic
B hoechst33342

« > « > [ collagen
[ [ - B alexa fluor 488

NUC |  [cyTo|  |ScAF

CMTMR
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Fluorescence Lifetime Microscopy

 Instruments that can quantify the fluorescence
ifetime at each pixel

* Exploit known fluorescence lifetime of each
emitter to resolve the em|SS|oinof each

fluorophore
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Optogenetics

 Utilize light to activate/de-activate proteins

* Inspired by channelrhodopsin (chR)
— Protein involved in imaging
— Absorbs light-> activated-> opens a Na* channel

blue channelrhodopsin extracellular

37



Optogenetics

 Biological engineers modified chR - generated
novel proteins that upon light activation can do

other things

* Then transfect cells or generate transgenic
animal that express these proteins
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Optogenetics

» Control/probe neuron circuits In

brain—>study brain

* Use microscope-like instruments

to control light

Activation Inhibition
ChR2 NpHR Arch
(470 nm) (589 nm) {575 nn

welBom -

Na ™ Ca’ eNpHR2.0 Mac (470-500 nm)
y ChETA {470 nm) (589 nm) eBR (560 nm)
SFO (470 or 542 nm) eNpHR3.0 GIR3 (472 nm)
VChR1 (535-589 nm) (589-680 nm)
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Neuron activatyion/inhibition (nature)

SIXSTEPS TO STEP 4
OPTOGENETICS

With optogenetic techniques,
researchers can modulate the activity
of targeted neurons using light.

STEP1

Piece together genetic construct.

Insert ‘optrode’, fibre-optic
cable plus electrode.

J
Promoter Gene encoding opsin /
to drive (light-sensitive
p : STEPS
expression ion channel)
/ Laser light of specific wavelength
opens ion channel in neurons.
STEP 2

Insert construct into virus.

STEP3

Inject virus into animal brain; opsin |
is expressed in targeted neurons.




